The ankylosing spondylitis (AS) is a systemic, multi-factorial, chronic rheumatic disease. Patients are highly susceptible to vertebral fractures with or without spinal cord injury (AS-SCI), even after a minor trauma. The study is a retrospective descriptive survey of post-acute, traumatic AS-SCI patients, transferred from the neurosurgical department and admitted in a Romanian Neurorehabilitation Clinic, during 2010-2014. There were 11 males associating AS-SCI (0.90% of all consecutive SCI admitted cases), with an average age of 54.6 years (median 56, limits 42-73 years). The average duration between the medically diagnosed AS and the actual associated spinal fracture(-s) moment was 21.4 years (median 23; limits 10-34 years). Low-energy trauma was incriminated in 54.5% cases. The spinal level of fracture was: cervical (four cases), thoracic (three), lumbar (four), assessed at admission as: American Spinal Injury Association (ASIA) Impairment Scale (AIS) A (four subjects), C (five) and D (two). By the time of discharge, neither patient has neurologically deteriorated; five patients (45.5%) improved of at least grade 1 (AIS). The overall complications were mainly infections: symptomatic urinary tract infections (seven patients; 63.6%), pulmonary (three subjects; 27.3%) and spondylodiscitis (one case; 9%). The average follow-up period was 15.3 months (median 12; limits 1-48 months) after discharge; three subjects gained functional improvement to AIS-E. The clinical profile (different risk factors, mechanisms, types and levels of spinal fractures, additional encephalic and/or cord lesions, co-morbidities), different post-surgical and/or general complications acquired during admission in our rehabilitation ward, served us for future prevention strategies and a better therapeutic management.
INTRODUCTION
The spondyloarthropathies-which includes ankylosing spondylitis (AS) as the most known condition-are chronic, often progressive inflammatory diseases, 'localized' at some main 'target tissue structures': entheses, bone, articular mesenchyme, skin and nails, mucosae (oral, bowel, urogenital, eyes-including anterior uvea) and possibly muscles, endocardium, lung and kidney parenchyma. Their characteristic immune auto-aggression lesional phenotype is the enthesitis. 1 Regarding the AS axial lesions (synthetically: sacroiliitis, spondylitis, spondylodiscitis and spondyloarthritis 2 ), their morphopathological characteristics have been described over 40 years ago: chronic osteolytic foci, local bone edema and inflammatory reactive fibrosis, which lead to subsequent bone formation (mainly on endochondral way). Thereby, it would result in the vertebral bodies' squaring ('anterior spondylitis'/'Romanus lesion') 3 and/or discitis ('Andersson lesion'), 4 as expressions of the erosive process and syndesmophytes formation.
As for the posterior zygapophyseal joints, the classical enthesitis sequence (erosion, fibrosis, ossification) merges with that of arthritis, thus resulting in a 'capsular enthesitis', with later ossification in a 'bony shell' enclosing pattern. 5, 6 Decreased bone mineral density-with a prevalence between 19 and 62% 7, 8 -parallels the long disease evolution; literature pointed unexpected high prevalence of osteoporosis (13-16%) even within 10 years of onset of AS, at relatively young males. 7 The intimate/molecular basis of the underlying physiopathological process is the genetic, immune-reactive stigmatization of the affected patients, connected to the presence of the HLA B27 antigen, especially to its (class I) defective allelic subtype. 9 The axial forms of AS have the strongest association with the presence of the HLA B27 antigen, thus sustaining a genetic topographic determination. 1, 2, 9, 10 The AS has a quite stable prevalence (0.1-1.4%), 11 and can be diagnosed in people of any age, gender or race; the onset occurs most commonly between the ages of 17 and 35, typically affecting males. Epidemiological studies have estimated the AS prevalence per 10 000 persons to be 18.6 (in Europe), 18.0 (in Asia) and 12.2 (in Latin America). 12 The progressive biomechanical skeletal degradation augments the susceptibility of the spine for fractures in AS patients, even after low-energy impacts. 13, 14 Two decades of old paradigm postulates that a stiff (ankylosed) and osteoporotic spine is prone to fractures, even after a trivial trauma.
14 Patients with AS have a fourfold fracture risk during their lifetime, compared with unaffected individuals, 13 the prevalence of vertebral fractures being estimated at 10%. 12 Spinal fractures in AS are usually associated with advanced age and a longstanding disease, impaired back mobility, syndesmophyte formation, lower bone mineral density and deteriorated microarchitecture in both the axial and the peripheral skeleton. [14] [15] [16] [17] In about two third of the cases, the main etiology consists of falls from standing or sitting position, the cervical region being the most frequently injured (in about 81% cases). 18, 19 SUBJECTS AND METHODS This observational study aims to depict the clinical profile and functional outcomes of patients with AS who suffered a spinal cord injury (AS-SCI), and to evaluate the incidence of AS-SCI among the cohort of all consecutive subjects with traumatic SCI, admitted in a Romanian rehabilitation clinic.
Our hospital's Bioethics Commission approval was obtained for this survey. This is a retrospective analysis of 11 consecutive patients with spinal trauma and AS (AS-SCI), first time admitted in our Neuromuscular Rehabilitation clinic during 2010-2014, after surgical intervention. The data were collected from the medical files (from the neurosurgical and rehabilitation departments in our hospital). All the patients had been diagnosed with AS, previous to their admission in the neurosurgical ward.
The variables studied were: demographic items (age and gender), time elapsed since the onset of AS, predisposing and pre-morbid factors, mechanism of the spinal trauma, involved vertebral level and the fracture characteristics, the neurological status-evaluated through the American Spinal Injury Association (ASIA) Impairment Scale (AIS) for spinal cord injuries, neurosurgical interventions, evolution and functional outcomes, complications during the hospital stay and individual follow-up.
Neuroimaging diagnosis and evaluation consist of conventional radiography, computed tomography and magnetic resonance imaging (MRI).
RESULTS
There were 11 males with AS-SCI transferred from the neurosurgery spine department. The incidence of AS-SCI in our hospital was 0.90% from the cohort of all SCI patients, transferred to the rehabilitation clinic.
The clinical data are summarized in Table 1 . The patients are grouped in the descendant order of the AS oldness. The average duration between the medically diagnosed AS and the actual associated spinal fracture(-s) moment was 21.4 years (median 23; limits 10-34 years). All patients were male, with an average age of 54.6 years (median 56, limits 42-73 years).
Patients had the following co-morbidities: stroke sequelae (2 subjects), type 2 diabetes (4), arterial hypertension (4), obesity (4), sensory-motor polyneuropathy (1), ischemic heart disease (1), left bundle branch block (1), atrial fibrillation (1 patient, who after his first admission in our clinic received a cardiac pace maker in a specialized unit, outside our hospital), bilateral coxarthrosis (1), hip prosthesis (1), chronic hepatitis C (1), chronic alcoholism (2), polytrauma (3 patients), pulmonary tuberculosis (1); 2 were heavy smokers (defined by a daily cigarettes consumption of 420 pieces, or ⩾ 20 pack-years, according to Fagerström nicotine dependence test) (http://ndri.curtin.edu.au/btitp/documents/ Fagerstrom_test.pdf).
Two patients had (an old) cervical and (a new) thoracolumbar fracture, acquired at different times, and one subject suffered an additional cervical spine fracture.
Some cases, which need a special emphasis, are depicted below.
Patient no. 2 ( Figures 1a and b) was previously disabled and restricted to wheelchair, because of a left hemiparesis (hemorrhagic stroke sequela, which occurred 14 years ago); he also had some old multilevel cervical fractures (the odontoid process, associated with a C6-7 dislocation, operated in 2006). This vulnerable patient was admitted in our rehabilitation department in an early stage, after the surgical instrumentation of a recent hyperextension fracture through the C5 vertebral body.
Half of the subjects (54.5%) experienced a low-energy trauma, spinal injuries resulting from a fall to the ground-level (patient no. 2 has fallen from the wheelchair).
Two cases underwent a medium energy impact, falling from stairs (~1-1.5 m height). Other three persons submitted a polytrauma (two subjects were victims of a traffic accident, the third fell from height, during a work accident) followed by instable transvertebral fractures and dislocations of the thoracolumbar junction.
The infra-axis cervical spine was predominantly affected (in four patients): in three subjects the C5-6 vertebrae, the C3-4 level, resulting in different AIS (Frankel) grades of tetraplegia.
Patient no. 5 was admitted from another hospital after a T11 vertebral fracture, operated and complicated with a non-compressive meningocele. The subject and the surgeon noticed any symptom, in the context of co-existence of a concomitant T2 occult (undiagnosed) compressive lamina fracture, detected after a delayed neurological deterioration. The diagnosis of the missed associated fracture and of the (mentioned) postsurgical complication were established in our rehabilitation clinic, after the patient's abrupt neurological aggravation; after MRI confirmation, the patient was directed to the neurosurgical department in our hospital for a successful T2 decompression operation, followed by a gradual improvement.
All of our 11 AS-SCI cases were transferred after surgical management, indicated due to their posttraumatic spinal instability and/or the presence of a compressive epidural hematoma (2 cases).
All of the cervical patients underwent decompression and anterior stabilization (ACCF-anterior cervical corpectomy, fusion with autologous bone graft and metallic instrumentation), associating in one case halo-vest instrumentation. None of them required both anterior and posterior fixation.
The thoracolumbar-injured patients underwent posterior lumbar fusion (PLF-decompressive laminectomy, unilateral or bilateral posterior metallic instrumentation with screws and rods); in two cases polymethylmethacrylate vertebroplasty was needed, to 'anchor' the screws in the fragile, osteoporotic bone (Figures 2a-e) . One subject imposed ALIF (associated anterior lumbar interbody fusion with autologous bone) and posterior spondylodesis (PLF).
Post surgical complications were noticed in six cases (54.5%); the most prominent were: metallic implantant migration (one subject, who needed surgical reintervention), infectious spondylodiscitis (one case), a non-compressive meningocele (conservatively followed-up for 48 months), some minor bleeding and per secundam healing (three patients).
The cervical SCI cases (noticed in 36.4%) were associated with AIS-A (complete) tetraplegia in two of the four subjects. After the surgical evacuation of a compressive hematoma (encountered in two of the cervical cases), the neurological status was: C7 AIS-A tetraplegia (in patient no.4) and C4 AIS-D tetraplegia (in patient no. 7).
Four of the seven patients with thoracolumbar SCI improved from AIS-C paraplegia (no ambulatory status) at admission, to AIS-D (ambulatory status) at discharge. The other three remained stationary: one functional AIS-D paraplegia, one complete paraplegia and the other an AIS-A tetraplegia.
By the time of discharge neither patient has neurologically deteriorated. Five patients (45.5%) improved of at least grade 1(AIS). Six patients (54.5%) had a stationary neurological evolution, regardless the topographical region or the specific feature (completeness or incompleteness) of the SCI.
The medical complications acquired during admission in our rehabilitation department are listed below: neurogenic bladder (10 cases), symptomatic urinary tract infections (7), neurogenic Ankylosing spondylitis-SCI-RO A Anghelescu et al Table 1 . The most severe complication was noticed in patient no. 8, who was transferred to the general surgery department, with an acute sub-occlusive intestinal syndrome. The average follow-up period after discharge was 15.3 months (median 12; limits between 1 and 48 months). More than half of the studied group (54.5%) had a long-term individual follow-up; the others were admitted during 2014, so it has been difficult to establish a pertinent appreciation about their long-term prognosis, due to their miscellaneous lesions and conditions.
DISCUSSION
The incidence of AS-SCI in our clinic represented 0.90% from the cohort of all SCI patients, transferred from the neurosurgical department. Feldtkeller et al. 20 found an incidence of 1.3% vertebral fractures at AS patients, continuously increasing with the disease duration.
The authors performed a literature review, about this devastating pathological association: AS suffering spine fractures with/ without cord injury (AS-SCI). After searching Pubmed were found 470 references (31 full text papers, between 1963 and October 2015) focused on AS-SCI. Very few papers depicted and analyzed cohorts of patients with AS-associating spine fractures, from a single medical center or region; 17, [21] [22] [23] other papers were systematic literature reviews. 11, 18 Most of these retrospective descriptive papers (about 98%) brought out-similarly with our study-only small series of AS subjects who suffered spine fractures: 18 patients, 24 or 12 cases 25 during a 10-year period and 12 subjects 26 in 6 years. A plausible explanation for the scarcity of the cases consists of the epidemiological pattern of AS (mentioned earlier), making it difficult to establish a consistent cohort of patients in a single medical center. Grossly simplifying, according to the meta-analysis (describing 345 subjects cumulated in 76 papers) by Westervelds et al., 18 one can consider a mean of 4.5 AS-SCI cases per article. Another difficulty in gathering a large number of AS-SCI is represented by the remarkably high mortality rates in this redoubtable pathological association (17.7% deaths at 3 months, significantly higher compared with the usual SCI traumatic population 18 (https://www.nscisc.uab.edu/ public_content/pdf/Facts%202011%20Feb%20Final.pdf)-which is however, more than tenfold (9.3%) 27 the general one (8.8‰
(http://www.medterms.com/script/main/art.asp?article key = 2913)), particularly for those severely injured (https://www. nscisc.uab.edu/public_content/pdf/Facts%202011%20Feb% 20Final.pdf). In our study group followed-up between 1 month and 4 years (average, as mentioned earlier, 15.3, and median 12 months) no deceased were registered.
In our group 54.5% of the subjects incriminated a trivial trauma (falling from the body level) as etiology for the spinal fractures. High-energy traumatic events (such as traffic accidents or fall from height) were responsible for 27.3% of injuries. Our data express quite a resemblance with the information provided by the literature (falls from standing or sitting position were noticed in 65.8% patients, and high energy impact trauma was incriminated in 31% of the spinal fractures 18 ). As a paradigm, most of the fractures in AS patients are caused by low-energy impacts, and the most vulnerable is the cervical segment (66.7%). 18, 24, 28 Even in 'usual' traumatic conditions, the cervical segment is the most exposed region of the spinal column, due to its anatomical and biomechanical particularities (increased mobility, linear or translational kinetic momentum of the skull).
Most of the AS cervical injuries involved the cervical spine between C5 and C7. 18, 25, 28 The thoracolumbar junction was the second common topographic level of injury. Fractures of the thoracolumbar spine complicating AS were caused either by a major trauma (motor vehicle accident, fall from height-in three subjects), or even by a minor trauma (fall from the ground-level-in four cases).
The anatomical and biomechanical particularities of the cervical segment and thoracolumbar junction, expose these spinal regions to hyperextension or hyperflexion mechanisms of vertebral injury. Regarding the primary lesions pathways and topographic-related issues, 'the critical velocity of tissue movement, which will lead to an axonal tear in a spinal cord contusion, is 0.5-1 m s − 1 , concentrating most of the stretching and shearing forces in the central part'. 29, 30 MRI control 31 was mandatory in patient no. 5, with a symptomfree interval followed by neurological deterioration, and in patients no. 4 and 7, in whom MRI confirmed the suspicion of epidural hematomas (noticed in 18.2% of our cases). Posttraumatic compressive epidural hematoma is commonly reported in 23% of the patients with AS. 26 Significant ossification of the ligaments increased the risk of epidural hematoma, favored bleeding from the epidural venous plexus and the fractured bone. 32 Literature mentioned the possible co-existence of two 33 or multiple spinal fractures 34, 35 in the advanced AS. In our lot, we depicted patients with associated multilevel SCIs (simultaneousone case, or remote in time-three subjects).
Two patients had previous brain lesions (sequelae after hemorrhagic stroke, and lacunar strokes in the pontine and cerebellar regions). Traditional vascular risk factors seem to be more prevalent in patients with certain types of major rheumatic disorders, than in the general population. 36, 37 Many authors [36] [37] [38] [39] [40] detected higher prevalence ratios for cardio-cerebrovascular pathology in AS patients, inflammation being incriminated in the pathogenesis and progression of atherosclerosis. 38, 39 Ischemic stroke has a higher prevalence in AS subjects (3.6%), compared with the general population (1.78%); 39, 40 increased risk of developing ischemic stroke was noticed even in young patients with AS. 40 Prior (fewer) studies are in conflict with the ones aforementioned: no increased rate of acute myocardial infarction or stroke related to AS (mentioned by Brophy et al. 41 and Keller et al. 37 in their cohort studies) pointing to a higher prevalence of diabetes and hypertension, 38, 41 but not of hyperlipidemia/ hypercholesterolemia. 41 This peculiar association of triple severe disabling conditions (previous encephalic lesions, overlapped with AS and traumatic spinal cord injuries) represents a distinctive feature in our study group, not encountered in an advanced inquiry of the literature.
Diabetes insipidus secondary/in conjunction with a SCI, is an uncommon challenging complication. 42, 43 An interesting particularity noticed in one of our subjects was the triple association between AS-SCI and a transient diabetes insipidus.
Chronic alcoholic ingestion, noticed in 18.2% of the subjects in our group (less than that in the study by DeVivo et al. 27 ), represented also an important predisposing risk factor to fall and spine fracture in AS patients.
Post-surgery complications were noticed in 54.5% of our patients, but only two (18.2%) imposed reintervention: case no. 4 (an infectious osteodiscitis with Staphylococcus aureus) and case no. 11 (reposition of the metallic implant, loosened and migrated, due to the biological fragility of the bone).
Resembling categories (14% postoperative wound infections and 15% revision surgery due to insufficient stabilization) 21 and quite similar rate of complications (51.1 or 41.7%) 21 have been reported in the literature.
The most common complications cited in AS-SCI patients are pneumonia and urinary tract infections. 44 The overall infectious complication rates in our patients were: symptomatic urinary tract infections (in 7 patients/63.6%, from the 10 subjects with neurogenic bladder) and pulmonary infections (3 cases/27.3%).
Absence of adequate follow-up data was considered 19 the most significant weakness of the majority of the related papers. Hong 45 followed up a group of eight subjects, from 4 up to 38 months (an average of 34 months) and noticed improvements of different degrees after operation, in five of them. From objective reasons (mentioned above), only half of our group (54.5%) benefited of an extended follow-up (between 12 and 48 months); they gained functional improvement (three of the six patients progressed to AIS-E). The other part of the lot was included only during the last year, and therefore, had a tiny-below the average-duration of follow-up.
Our data are consistent with most of the literature citations (with respect to the demographic items, risk factors, etiology and mechanisms of spinal fractures, diagnosis methodology, neurological, clinical, functional consequences, surgical and rehabilitation management, and follow-up).
This retrospective, descriptive person-centered approach, considered the multitude of factors that impact these two severe disabling conditions that merge and overlap (AS-SCI), and emphasized the individualized management in a collaborative integrated endeavor.
The presence of co-morbidities (concomitant or remote in time), different types and levels of spinal fractures, additional encephalic and/or cord lesions, and different (post-surgical and/or general) complications acquired during admission, all represented a supplementary challenge to our multidisciplinary rehabilitation team.
The complex evaluation of the risk factors for accidents, the clinical and morpho-physiopathological characteristics of our patients with AS and traumatic SCI (summarized in Table 1 , and Figure 3 ) were used to implement prophylactic strategies in the patients' community, and educational measures addressed to the patients, families and to the health professionals (general practitioners, rheumatologists and so on). The patients were instructed to avoid environmental circumstances predisposing to accidental falls (walking on slippery surfaces and loose carpets), to pay attention to doorsteps, to install preventive devices such as night lights and handrails and to sidestep activities involving risk of physical injury. They were encouraged to promote a healthy life style, to repel excessive use of alcohol, 27, 46, 47 to diminish the metabolic and cardiovascular risk factors (behavioral changes, weight control, physical therapy and so on).
